The structure of the Woodcock-Johnson Cognitive Battery-Third Edition (WJ Cog) has been extensively explored via confirmatory factor analysis (CFA) with its normative sample, but there has been little research to verify that the same structure holds for students referred for special education services. Likewise, research on the structure of the WJ Cog with exploratory factor analysis (EFA) methods has been rare. Consequently, this study applied both EFA and CFA methods to the scores of 529 elementary school students referred for special education services (95.5% eligible) on the 14 tests of the WJ Cog extended battery. EFA results suggested only 2 or 3 factors, whereas CFA results favored the theoretical 7 factors posited by McGrew and Woodcock. In this theoretical model, a strong general factor accounted for 27% of the total variance and 57% of the common variance, whereas the 7 group factors combined accounted for 21% of the total variance and 43% of the common variance. Reliability, as quantified by H , was good for the general factor, marginal for the Gs factor, and poor for the other group factors. Nine of the 14 WJ Cog tests displayed uniqueness values that exceeded their communality. On the basis of this evidence from a referral sample, interpretation of the WJ Cog should be restricted to the Gs and g factors: the Gs factor because it exhibited considerable independence and precision of measurement and the g factor because it has emerged in all investigations of the WJ Cog.
According to the Individuals with Disabilities Education Act of 2004, all students being considered for special education must receive a comprehensive individual evaluation to determine their eligibility for special education services. Assessment of cognitive ability with individual intelligence tests is included in many of those mandated special education eligibility evaluations (Braden, 2013) . One individual intelligence test battery that is popular with clinicians (Braden, 2013) and often taught in assessment courses (Braden & Alfonso, 2003) is the Woodcock-Johnson Cognitive Battery-Third Edition (WJ Cog; Woodcock, McGrew, & Mather, 2001) .
Because of its use in high-stakes special education eligibility decisions, it is vital that strong evidence support the reliability and validity of the WJ Cog. To this end, McGrew and Woodcock (2001) presented considerable evidence of reliability and validity. Content validity evidence, convergent and discriminant validity evidence, and evidence based on relations to other variables have also been published (Braden & Alfonso, 2003; Floyd, Shaver, & McGrew, 2003; McGrew & Wendling, 2010; Sattler, 2001; Schrank, 2011) . McGrew and Woodcock (2001) also provided evidence based on internal structure, or structural validity, which indicates the degree to which a test's structure aligns with the constructs on which it was based (Messick, 1995; Wasserman & Bracken, 2013) . The theoretical foundation of the WJ Cog is the Cattell-HornCarroll (CHC) theory of cognitive abilities (McGrew, 2009 ), which posits a hierarchical structure of intelligence with three levels: (a) an overarching general intelligence (g) at strata III, (b) 10 broad abilities at strata II, and (c) more than 70 narrow abilities at strata I. The WJ Cog is designed to measure seven of the 10 broad CHC abilities (Schrank, 2011) . Extensive confirmatory factor analyses (CFAs) have been conducted with the WJ Cog normative sample and have generally aligned with the theoretical model (Floyd, McGrew, Barry, Rafael, & Rogers, 2009; Keith & Reynolds, 2012; Keith, Reynolds, Patel, & Ridley, 2008; Locke, McGrew, & Ford, 2011; Phelps, McGrew, Knopik, & Ford, 2005; Taub & McGrew, 2004) .
Although the structure of the WJ Cog has been extensively explored with its normative sample, there has been little research to verify that the same structure holds for clinical samples. Al-though the WJ Cog Technical Manual provided extensive information about factor analysis for special study samples (preschool, attention deficit hyperactivity disorder, learning disabled, and across age groups) that supported the theoretical structure, those studies included additional cognitive tests and may not reflect test administration as actually performed by practitioners (Taub & McGrew, 2004) . However, a recent CFA with a large sample of children with learning disorders, as defined by the Diagnostic and Statistical Manual of Mental Disorders (4th ed., text rev.; American Psychiatric Association, 2000), found general support for the theoretical model (Benson & Taub, 2013) . Unfortunately, data for this analysis were extracted from archival records provided to the Woodcock-Muñoz Foundation by an unknown number of clinicians from unknown regions of the country and were reviewed by unknown judges using unknown criteria of fitness for inclusion. Thus, "the sample examined in this study may differ from the population of students identified in a school setting" (Benson & Taub, 2013, p. 259) .
Historically, structural validity has been studied with exploratory factor analysis (EFA). For example, EFA was used by Carroll (1993) to create the structural model that was subsequently merged with Horn's (1968 ) Gf-Gc theory (1968 to create the CHC theoretical model for the WJ Cog. Carroll (1995) argued that "results should be shown on the basis of orthogonal factors, rather than oblique, correlated factors. I insist, however, that the orthogonal factors should be those produced by the Schmid-Leiman, 1957, orthogonalization procedure" (p. 437) for its ease of interpretation and parsimony.
More recently, unrestricted EFA methods have been eclipsed by restricted CFA methods in the study of structural validity (Keith & Reynolds, 2012) . For instance, all extant analyses of the 14 WJ Cog tests have used CFA methods (Benson & Taub, 2013; Keith et al., 2008; Phelps et al., 2005; Sanders, McIntosh, Dunham, Rothlisberg, & Finch, 2007; Taub & McGrew, 2004) . Frazier and Youngstrom (2007) contended that the use of CFA has resulted in overfactoring of cognitive ability tests, including the WJ Cog. That hypothesis was supported by Dombrowski (2013) , who found only three or four factors, instead of the theoretically posited seven, when he applied EFA methods to the correlation matrix from the 20 WJ Cog test scores of school-aged member of the WJ Cog normative sample. Expressing concern about differences between the results from CFA and EFA, Carroll (1995) recommended that "a confirmatory analysis of a dataset should not be published without an accompanying statement or report on one or more appropriate exploratory analyses" (p. 437).
Establishing the validity of the structure of the WJ Cog in a school referral sample can provide further support for its use in samples that may show different patterns of performance (Strauss, Sherman, & Spreen, 2006 ) that may not be reflected in the WJ Cog normative sample. In addition, replication of a model in multiple samples by independent researchers using both EFA and CFA methods may enhance validity (Raykov & Marcoulides, 2000) . If the structure cannot be generalized, this indicates a lack of structural validity evidence for the test's use in a clinical sample and may lead to inappropriate interpretation of an individual's test scores and inappropriate actions being taken on the basis of those scores (Messick, 1995) . Consequently, this study examined the extent to which the WJ-III Cog structure established in the normative sample was replicated in a sample of students referred for special education services.
Method Participants
The 529 participants in this study were 6 -13 years of age (M ϭ 9.47, SD ϭ 1.81) and predominately male (62%). Ethnic/racial background of the participants was reported to be 48.6% White, 32.3% Hispanic, 8.3% Black, 4.7% Native American, 0.6% Asian/ Pacific Islander, 1.1% other, 2.8% multiracial, and 1.5% not reported. Special education eligibility of the participants included 68.8% with a learning disability, 11.3% with a speech-language impairment, 9.6% with an other health impairment, 3.2% with an emotional disability, 0.9% with an intellectual disability, 0.6% with multiple disabilities, 0.8% with autism, 0.2% with a hearing impairment, 0.2% with an orthopedic impairment, and 4.5% who were not disabled and therefore not eligible for special education services. English was the home language of 85% of the participants, and Spanish was the home language of 12% of the participants.
Internal review board and school district confidentiality and procedural policies did not allow additional identifying information to be collected on student participants. However, the ethnic/ racial background of the students in this suburban southwestern U.S. school district was 38% White, 48% Hispanic, 7% Black, 4% Native American, and 3% Asian/Pacific Islander. Approximately 64% of district students were eligible for free or reduced-price lunch, and around 24% were English language learners.
Instruments
The WJ Cog battery is a test of intellectual ability that is designed to be individually administered to individuals between 24 months and 90-plus years of age ). The norming sample was selected using stratified random sampling and was representative of the U.S. population ages 24 months to 90 years and older. In total, the WJ Cog battery contains 14 tests that make up the General Intellectual Ability (GIA)-Standard Battery and the GIA-Extended Battery, plus six supplemental tests that can provide additional information on an individual's cognitive strengths and weaknesses. The GIA-Standard scale consists of seven tests, one for each of the broad CHC abilities. The GIAExtended scale comprises 14 tests, the seven tests from the GIAStandard scale plus seven additional tests, resulting in two tests for each of the seven broad CHC abilities. An additional six tests can be used to supplement the standard or extended scales. A list of the 14 tests used in this study that measured the seven CHC factors in the standard and extended batteries is provided in Table 1 .
Procedures
The sample for this study was extracted from a database of 1,954 students who received psychoeducational evaluations from 2001 through 2007 in a southwestern U.S. suburban school district that served students in grades K-8. Inclusion in the study was contingent on the special education record including a score for each of the 14 WJ Cog tests included in the GIA-Extended battery, a reported age of 6 -13 years, and testing conducted in English. A total of 529 cases met these criteria. All assessments were conducted by certified school psychologists employed in the district.
Analyses
EFA. The EFA followed best practice guidelines (Fabrigar, Wegener, MacCullum, & Strahan, 1999; Hoelzle & Meyer, 2013; Kline, 2013; Osborne, Costello, & Kellow, 2007) and was implemented with the psych package in the R programming language (R Development Core Team, 2013). Bartlett's (1950) test of sphericity was used to ensure that the correlation matrix was not random, and the Kaiser-Meyer-Olkin statistic was required to be above a minimum standard of .6 (Kaiser, 1974) . The principal axis extraction method was used because of its relative tolerance of nonnormality and demonstrated ability to recover weak factors (Briggs & MacCallum, 2003) . Squared multiple correlations were used to estimate the initial communalities (Gorsuch, 2003) . As suggested by Velicer, Eaton, and Fava (2000) , the procedures used to determine the appropriate number of factors for retention and rotation included parallel analysis (Horn, 1965) and minimum average partials (MAPs; Velicer, 1976) , supplemented by a visual scree test (Cattell, 1966) . Parsimony and theoretical convergence were also considered. Because of the nature of the construct, it was assumed that the factors would be correlated. Therefore, a Promax rotation (Hendrickson & White, 1964 ) with a k value of 4 was used (Tataryn, Wood, & Gorsuch, 1999) . Criteria for determining factor adequacy were established a priori. Pattern coefficients greater than or equal to .30 were considered salient. Complex loadings that were salient on more than one factor were rejected in the interest of parsimony and to honor simple structure (Thurstone, 1947) . The oblique first-order factors were orthogonalized with the SchmidLeiman procedure (Schmid & Leiman, 1957) , as recommended by Carroll (1995) .
CFA. Mplus 7 for the Macintosh (Muthén & Muthén, 2013 ) was used to conduct CFAs using maximum likelihood estimation, with Satorra and Bentler (1994) scaling to correct for multivariate nonnormality. The optimal EFA solution was compared with the seven-factor theoretical model (see Table 1 ). Multiple fit indices that represented a variety of criteria were examined (Kline, 2013) : (a) the chi-square, (b) the comparative fit index (CFI), (c) the root mean square error of approximation (RMSEA), (d) the standardized root mean square residual (SRMR), and (e) Akaike's information criterion (AIC). Although there are no universally accepted cutoff values for model fit indices, the guidelines for adequate model fit were as follows: (a) CFI Ն .90 and (b) SRMR and RMSEA Յ .08. The guideline for good model fit was (a) CFI Ն .95 and (b) SRMR and RMSEA Յ .06 (Hu & Bentler, 1999) . There are no specific criteria for information-based fit indices like the AIC, but smaller values may indicate better approximations of the true model (Vrieze, 2012) .
Results
Descriptive statistics for the WJ Cog tests are reported in Table  2 . Score distributions were relatively normal, with Ϫ1.37 the largest univariate skew and 5.61 the largest univariate kurtosis (Fabrigar et al., 1999) . However, multivariate kurtosis was large (23.38) and indicative of nonnormality (Bentler, 2005) .
EFA
The results of Bartlett's test of sphericity indicated that the correlation matrix was not random, 2 (91, N ϭ 529) ϭ 2,273.8, p Ͻ .001, and the Kaiser-Meyer-Olkin statistic was .83, well above the minimum standard for conducting factor analysis (Kaiser, 1974) . Therefore, the correlation matrix was appropriate for factor analysis. Parallel analysis suggested that two factors should be retained, MAP suggested one factor, and visual inspection of the scree plot indicated that two factors were sufficient. However, parallel analysis of data with a strong general factor, as anticipated with these data, has been found to underfactor (Crawford et al., 2010) . Therefore, both the two-factor and three-factor solutions and their orthogonalizations were examined.
In the oblique two-factor solution, the Fluid Reasoning (Gf), Comprehension-Knowledge (Gc), Visual-Spatial Thinking (Gv), Long-Term Retrieval (Glr), Auditory Processing (Ga), and ShortTerm Memory (Gsm) tests combined to create one factor, whereas the two Processing Speed (Gs) tests loaded on the second factor. In the oblique three-factor solution, the Gc and Gs factors were distinct, but the other tests combined to form one factor. Orthogonalization of the three-factor oblique solution (see Table 3 ) revealed that all 14 tests were g-loaded, with the Concept Formation test exhibiting the strongest loading (.73) and the Decision Speed test the weakest loading (.20). The Gs, Gc, and Gsm factors emerged after taking g into account. In contrast, there was little evidence of the Gf, Gv, Glr, or Ga factors beyond g.
When the seven-factor theoretical model was forced, (a) all 14 tests loaded on the general factor, (b) one group factor contained the four Gf and Gv tests, (c) a second group factor was formed by the two Gc tests, (d) a third group factor consisted of the two Gs tests, (e) a fourth group factor contained the two Gsm tests, and (f) the Glr and Ga tests did not cohere. Thus, the Gc, Gs, and Gsm factors emerged, but EFA was unable to identify a model that fully aligned with the WJ Cog theoretical structure.
CFA
The oblique two-and three-factor EFA models were compared with an oblique seven-factor model and a higher order model (Keith & Reynolds, 2012 ) with seven first-order factors. The twoand three-factor models suggested by EFA were poor fits (see Table 4 ), whereas the oblique seven-factor model was a good fit, and its equivalent higher order version, illustrated in Figure 1 , demonstrated adequate fit to the data.
An orthogonal version of the theoretical seven-factor model was also examined (see Table 5 ). Given the underidentification of the WJ Cog factors, test loadings within each factor were restrained to equality. This bifactor model (Reise, 2012) , which has also been called a direct hierarchical model (Gignac, 2008) and a nested factor model (Gustafsson & Balke, 1993) , has been recommended for hierarchically structured constructs such as intelligence (Brunner, Nagy, & Wilhelm, 2012) , has been applied to other cognitive scales (Gignac & Watkins, 2013; Golay & Lecerf, 2011; Watkins, 2010; Watkins, Canivez, James, James, & Good, 2013) , and was explicitly suggested by Carroll (1998) . In this orthogonal model, the general factor accounted for more total and common variance (27% and 57%, respectively) than all group factors combined (21% and 43%, respectively).
As displayed in Table 5 , nine of the 14 WJ Cog tests displayed uniqueness values (i.e., error variance or variance unique to that test alone) that exceeded their communality (i.e., variance contributed by the common factors). The Gc, Gs, and Gf tests retained little specific variance (i.e., specificity or variance unique to that test alone). Thus, these six tests were measuring relatively large amounts of reliable variance from general and group factors. Comparatively, the Gs construct exerted greater influence than the g construct on the two Gs tests (.50 vs. .10, respectively), and the g construct exerted greater influence than the Gf construct on the two Gf tests (.48 vs. .16, respectively), whereas the g and Gc constructs had roughly equal influence on the two Gc tests (.34 vs. .38, respectively). In contrast, the Retrieval Fluency, Sound Blending, Auditory Attention, and Numbers Reversed tests exhibited specificity values greater than their communality values. These four tests were measuring relatively small amounts of reliable common variance (.18 -.29), and their constituent factor scores (Glr, Ga, and Gsm) were correspondingly contaminated with variance specific to each test.
Traditional reliability estimates such as coefficient alpha can be misleading when test scores are influenced by more than one source of variance (Yang & Green, 2011) . In these situations, model-based reliability indices such as omega () and omega hierarchical ( H ) have been recommended (Zinbarg, Revelle, Yovel, & Li, 2005) . Omega estimates the reliable variance accounted for by all constructs (i.e., general and group factors) influencing indicators, whereas H estimates the variance accounted for by a single target construct (i.e., either general or group factor). Although subjective, values for and H should exceed .50, with values of .75 or above preferred (Reise, Bonifay, & Haviland, 2013) . When multiple sources of variance were considered via , the g, Gc, Gf, and Gs factors exceeded the .75 preferred guideline. When a single source of variance was considered via H , only the g factor was above .75, and only the Gs factor exceeded the minimum guideline of .50. Omega hierarchical estimates for the other group factors ranged from .06 (Ga) to .45 (Gc). These values indicate that these WJ Cog tests, with the exception of the Gs tests, contain little reliable variance that is unique from the general factor. Similar results have been found for other tests of intelligence (Brunner et al., 2012; Gignac & Watkins, 2013; Reynolds, Floyd, & Niileksela, 2013; Watkins et al., 2013) .
Discussion
The structure of the WJ Cog has been extensively explored via CFA with its normative sample, but there has been little research to verify that the same structure holds for students referred for special education services. Likewise, research on the structure of the WJ Cog with EFA methods has been rare. Consequently, this study applied both EFA and CFA methods to the scores of 529 elementary school students referred for special education services on the 14 tests of the WJ Cog extended battery. EFA results suggested only two or three factors, whereas CFA results favored the theoretical seven factors posited by McGrew and Woodcock (2001) . In this theoretical model, a strong general factor accounted for 27% of the total variance and 57% of the common variance, whereas all seven group factors combined accounted for 21% of the total variance and 43% of the common variance. This result Note. CFI ϭ comparative fit index; SRMR ϭ standardized root mean square residual; RMSEA ϭ root mean square error of approximation; AIC ϭ Akaike's information criterion. replicates the important role of the general factor found in previous analyses of the WJ Cog (e.g., Dombrowski, 2013; Floyd et al., 2009) . Nine of the 14 WJ Cog tests displayed uniqueness values that exceeded their communality, indicating that much of the variability in these tests comprises test-specific and error variance. Likewise, omega coefficients indicated that only the general factor was measured with high precision. These results indicate that the WJ Cog tests contain little reliable variance that is unique from the general factor. Contradictory EFA and CFA results have also been reported for the WJ Cog standardization sample (Dombrowski, 2013 (Dombrowski, , 2014a (Dombrowski, , 2014b Dombrowski & Watkins, 2013) and in joint analyses of the WJ Cog with other instruments (Chang, Paulson, Finch, McIntosh, & Rothlisberg, 2014; Floyd, Bergeron, Hamilton, & Parra, 2010) . For example, EFA analyses by Dombrowski (2013 Dombrowski ( , 2014b found that tests that measured the Gc, Gs, and Glr factors aligned with the WJ Cog theoretical structure. The current EFA study with a referral sample found that tests that measured the Gc, Gs, and Gsm factors aligned with the WJ Cog theoretical structure. Thus, only the Gc, Gs, and a memory factor (either Gsm or Glr) have consistently emerged in EFA studies.
CFA results have sometimes failed to support the theoretical structure of the WJ Cog (Chang et al., 2014; Floyd et al., 2010) . For example, a joint CFA with the Differential Ability Scales (Elliott, 1990) found problems with the Gv tests and redundant g and Gf factors (Sanders et al., 2007) . In addition, joint CFAs with the Stanford-Binet scale (Roid, 2003) and the Kaufman Assessment Battery for Children-Second Edition (Kaufman & Kaufman, 2004) among preschool children failed to isolate the Gf factor (Chang et al., 2014; Hunt, 2008) .
As noted by Gorsuch (2003) , "the ultimate arbitrator in science is well established: replication" (p. 153). It was expected that CFA would support the structure identified by EFA. This expectation was not substantiated. Rather, CFA supported the theoretical seven-factor structure for the WJ Cog. It is possible that the WJ Cog has been overfactored, as suggested by Frazier and Youngstrom (2007) . Alternatively, neurodevelopmental processes may make it possible to detect fewer dimensions among children (Mungas et al., 2013) . It is also possible that cognitive theory needs more study (as recognized by Carroll, 1995) . Finally, the power to detect converging EFA and CFA solutions may have been inadequate. Additional studies with diverse populations, multiple methods, and larger samples will be needed to resolve this dilemma.
On the basis of this evidence from a referral sample of elementary school students, interpretation of the WJ Cog should be restricted to the Gs and g factors: the Gs factor because it exhibited considerable independence and precision of measurement and the g factor because it has emerged in all investigations of the WJ Cog as well as in investigations of other intelligence batteries (e.g., Floyd, Reynolds, Farmer, & Kranzler, 2013; Reynolds et al., 2013) . Several of the WJ Cog factors (e.g., Ga, Glr) accounted for so little common variance that they might be termed "factors of no importance" (Kelley, 1939, p. 140) . In additionally, any interpretation of WJ Cog scores should take into consideration the fact that each score is influenced by general, group, and specific factors as well as error and is not a pure measure of any single trait (DeMars, 2013) . For example, interpreting the Concept Formation score as a measure of Gf ignores the contribution of general intelligence (approximately 51% of the Gf score variance) and uniqueness (around 12% of the Gf score variance). Likewise, interpreting the General Information score as a measure of Gc ignores the contribution of general intelligence (approximately 34% of the Gc score variance) and uniqueness (around 8% of the Gc score variance). Absent specific tools that allow conversion of latent construct scores (Schneider, 2013) , identification of cognitive strengths and weaknesses based on tests or lower order factors may be inaccurate (Floyd et al., 2009 ) and should be eschewed.
